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采用砂基栽培，研究红树植物白骨壤(Avicennia marina (Forsk) vierh.)在不同
Cd、Nap 和 Cd-Nap 复合浓度和不同胁迫时间条件对幼苗的萌发生长及生理生态
效应的影响。设置 Cd 胁迫浓度系列为 0.5、5、25、50、100、150 mg/L，Nap
胁迫浓度系列为 5、10、20 mg/L，复合胁迫浓度系列分别在 25 和 150 mg/L 的
Cd 胁迫下均加入 10 mg/L 的 Nap，以不加污染物为对照，15‰人工海水培养 90 d。




K 及 Mg 含量。研究结果表明： 
（1）5~150 mg/L 的 Cd 胁迫导致白骨壤幼苗子叶与植株提早分离，叶面积
变小，生物量减少；白骨壤幼苗对 Cd 的适宜抗性生长浓度范围在 25 mg/L 以下，
中高浓度 Cd 胁迫（25~150 mg/L）导致叶出现受害坏死斑点，茎高度生长显著
受抑制，50 ~150 mg/L 的 Cd 胁迫导致植株死亡。 
（2）胁迫栽培 45 d，5~150 mg/L 的 Cd 胁迫均能显著提高根尖可溶性蛋白
含量、SOD 及 POD 活性；胁迫栽培 90 d，0.5~50 mg/L 的 Cd 胁迫显著提高根尖
ASA 含量，降低 MDA 含量，25~100 mg/L 的 Cd 胁迫浓度显著提高根尖 POD 活
性，50~100 mg/L 的 Cd 胁迫显著提高根尖可溶性蛋白含量。总体而言，Cd 胁迫
能导致根尖可溶性蛋白含量及 SOD、POD 活性增加，但随胁迫时间增强，促进
作用减弱，表现为可溶性蛋白含量及 POD 增幅变小，SOD 活性无显著增加。 
（3）胁迫栽培 45 d，叶片可溶性蛋白含量、POD 活性在 0.5~25 mg/L 的 Cd
胁迫下显著提高，而后随胁迫浓度上升而下降，SOD 活性则与 POD 活性相反；
胁迫栽培 90 d，叶片可溶性蛋白含量变化基本与 45 d 一致，在 0.5~50 mg/L 的
Cd 胁迫下叶片 POD 活性、ASA 含量显著提高，在 5~50 mg/L 的 Cd 胁迫下叶片
SOD 活性显著提高。 
（4）Cd 胁迫对白骨壤幼苗叶绿素含量的影响为减少叶绿素含量，该抑制作













的 Cd 胁迫下，叶绿素含量显著降低，且叶绿素 b 的下降幅度较高。  
（5）各器官的 Cd 含量以根最高，且进入植物体的 Cd 有 50 %以上累积在
根部；白骨壤幼苗在子叶中累积 Cd 并可能通过其凋落带走过多的 Cd；白骨壤幼
苗也通过盐腺泌盐来排出过多 Cd。 
（6）Cd 胁迫导致叶的 Na 及 Mg 含量随胁迫浓度上升而递减，胁迫栽培 90 
d，在 5~100mg/L 的 Cd 胁迫下，根对 K 的吸收受显著抑制，在 25~100 mg/L 的
Cd 胁迫浓度下，根对 Na 的吸收累积显著提高。 
（7）5~20 mg/L 的 Nap 胁迫对白骨壤幼苗叶形态指标、生物量、含水量等
生长方面指标无显著影响。 
（8）胁迫栽培 45 d，5~20 mg/L 的 Nap 胁迫显著提高根尖可溶性蛋白含量、
POD、SOD 活性及叶片 POD 活性，对叶片可溶性蛋白含量也有一定的促进作用，
对叶片 SOD 活性无显著影响；胁迫栽培 90 d，5~20 mg/L 的 Nap 胁迫导致根尖
及叶片 MDA 含量显著提高，并促进根尖及叶片 ASA 含量提高，但转而抑制根
尖可溶性蛋白含量、POD 及 SOD 活性，仍对叶片 SOD 活性无显著影响，而中
低浓度（5~10 mg/L）的 Nap 胁迫对叶片可溶性蛋白含量及 POD 活性的促进作
用减弱；在两个采样分析时段，5~20 mg/L 的 Nap 胁迫均显著降低叶绿素 b 含量。 
（9）胁迫栽培 90 d，10~20 mg/L 的 Nap 胁迫显著提高子叶 Na、K 及 Mg
含量，而 5~20 mg/L 的 Nap 胁迫显著降低新叶中 K 含量。 
（10）10 mg/L 的 Nap 除在 Nap10-Cd150 处理组中，减少 Cd 在子叶中的累
积外，促进复合胁迫组白骨壤幼苗各器官对 Cd 的累积。 
（11）10 mg/L的Nap加重25 mg/L的Cd胁迫对叶片的损伤，而减轻150 mg/L
的 Cd 胁迫对叶片的损伤；10 mg/L 的 Nap 加强 Cd 胁迫对茎高及根长的抑制，
且该作用随 Cd 浓度增加和胁迫时间增长而显著；10 mg/L 的 Nap 减缓 Cd 对生
物量的抑制作用，并减缓子叶的凋落；而胁迫栽培 45 d，叶绿素含量则主要受
10 mg/L 的 Nap 胁迫影响。 
（12）10 mg/L的Nap有提高复合胁迫组根尖与叶片的可溶性蛋白含量、POD
活性和根尖 SOD 活性的作用（与同浓度单一 Cd 胁迫相比）；对叶片 SOD 活性
有一定促进作用，但该作用随 Cd 胁迫浓度的增加及胁迫时间的增加而减弱。 
















In this paper, Avicennia marina seedlings were treated with various contents of 
Cd (0.5, 5, 25, 50, 100, 150 mg/L), various contents of Nap (5, 10, 20 mg/L), and 
co-contamination of Cd (25, 150 mg/L )and Nap (10 mg/L). These seedlings were 
cultivated by 15‰ man-made seawater in sand for 90 days in a greenhouse. The 
sprouting and survival rate, the growth of seedlings were recorded.Biomass, water 
content, chlorophyll content, soluble protein, MDA and ASA content,POD and SOD 
activity, element contents (Cd, K, Na, Mg) were observed when 45 days and 90 day 
inorder to inquire into the ecophysiological responses of mangrove Avicennia marina 
to Cd, Nap and co-contamination. The results were as follow: 
(1) The languishment of Avicennia marina seedlings cotyledons were accelerated, 
under 5~150 mg/L Cd treatment, with the leaf size and the biomass decreased. The 
scatheless concentration of Cd was below 25 mg/L. Under 25~150 mg/L Cd treatment, 
it showed poisonous speckles on the leaves, and the height of stems were obviously 
reduced. The seedlings were dead under 50~150 mg/L Cd treatment. 
(2) In 45 days, the content of soluble protein, the activity of SOD and POD in 
roots were obviously increased under 5~150 mg/L Cd treatment. In 90 days, the 
content of ASA in roots was obviously increased while MDA content was decreased 
under 0.5~150 mg/L Cd treatment. The activity of POD in roots was increased under 
25~100 mg/L Cd treatment. The content of soluble protein in roots was increased 
under 50~100 mg/L Cd treatment. All in all, the content of soluble protein, the activity 
of SOD, POD were increased under Cd treatments. But as the time went on, the 
stimulation reduced. 
(3) In 45 days, the content of soluble protein and the activity of POD in leaves 
were obviously increased under 0.5~25 mg/L Cd treatment, while decreased under 
25~150 mg/L Cd treatment. The activity of SOD showed the opposite trend. In 90 
days, the content of protein in leaves showed almost the same trend as 45 days. The 













Cd treatment, and the activity of SOD increased under 5~50 mg/L Cd treatment. 
(4) The content of chlorophyll was reduced under Cd pollution, and the 
restriction was intensified as the contents increasing and time passing. In 90 days, the 
content of chlorophyll was obviously under 25~100 mg/L Cd treatment, and 
especially the content of Chl b. 
(5) The content of Cd was highest in roots, and 50% of Cd in the seedlings were 
cumulated in roots. Cd was cumulated in the cotyledons, and may taken away from 
seedlings by the languishment of cotyledon. The Avicennia marina seedlings may also 
excreted overmuch Cd by saltglands. 
(6) The contents of Na and Mg in leaves were reduced as the Cd concentrations 
increasing. In 90 days, the absorption of K in roots was obviously restrained under 
5~100 mg/L Cd treatment. The absorption of Na in roots was obviously enhanced 
under 25~100 mg/L Cd treatment. 
(7) The leaf size, biomass, water content of Avicennia marina seedlings showed 
no significant difference between CK group and group under 5~20 mg/L Nap 
treatment. 
(8) In 45 days, the content of soluble protein, the activity of SOD and POD in 
roots and the activity of POD in leaves were obviously increased under 5~20 mg/L 
Nap treatment. In 90 days, the contents of MDA and ASA were increased under 5~20 
mg/L Nap treatment while the content of soluble protein, the activity of SOD and 
POD in roots decrease. In 45 and 90 days, the content of Chlb was obviously 
decreased under Nap treatment. 
(9) In 90 days, the contents of Na, K, Mg in cotyledons were obviously increased 
under 10~20 mg/L Nap treatment, while the content of K in the neonatal leaves was 
decreased under 5~20 mg/L Nap treatment. 
(10)10 mg/L Nap enhance the Cd cumulation abilities of Avicennia marina 
organs except cotyledon in the group under co-contamination of 150 mg/L Cd. 
(11) The addition of 10 mg/L Nap aggravated the injury of 25 mg/L Cd to leaves, 
while lightened the injury of 150 mg/L Cd. The inhibition of Cd to the height of stems 













enhanced as the Cd concentration increasing and the time passing. 10 mg/L Nap 
showed antagonism in the reduction of Cd on the biomass, and slowed the 
languishment of cotyledons. In 45 days, the content of chlorophyll was influenced 
more by 10 mg/L Nap. 
(12) Compared to the groups with single Cd treaments, the content of soluble 
protein, the activity of POD and SOD in leaves and roots enhanced by 10 mg/L Nap. 
But the effect of 10 mg/L Nap on the activity of SOD in leaves reduced as the Cd 
concentration increase and the time passed. 
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